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Executive Summary
The Pacific Northwest National Laboratory (PNNL) Hydrogen Safety Program conducted a planning session in Los Angeles, CA on April 1, 2014 to consider what electronic safety tools would significantly benefit the next phase of hydrogen and fuel cell commercialization. A diverse, 20-person team led by an experienced facilitator considered the question as it applied to the eight most relevant user groups. The results and subsequent evaluation activities revealed several possible resource tools that could greatly benefit users.
The tool identified as having the greatest potential for impact is a hydrogen safety portal, which can be the central location for integrating and disseminating safety information (including most of the tools identified in this report). Such a tool can provide credible and reliable information from a trustworthy source. Other impactful tools identified include a codes and standards wizard to guide users through a series of questions relating to application and specific features of the requirements; a scenario-based virtual reality training for first responders; peer networking tools to bring users from focused groups together to discuss and collaborate on hydrogen safety issues; and a tool for training inspectors. Table  ES .1 provides results of the planning session, including proposed new tools and changes to existing tools. 
Introduction
The Pacific Northwest National Laboratory (PNNL) Hydrogen Safety Program conducted a planning session in Los Angeles, CA on April 1, 2014 to consider what electronic safety tools would significantly benefit the next phase of hydrogen and fuel cell commercialization. A diverse, 20-person team led by an experienced facilitator considered the question as it applied to the eight most relevant user groups. This report describes the results of the meeting and subsequent evaluation activities, including descriptions of several possible resource tools that could greatly benefit users.
Background and Need
One goal of the U.S. Department of Energy (DOE) Fuel Cell Technologies Office is to provide comprehensive safety data, information, and knowledge resources to a broad range of stakeholders. As stated in the Fuel Cell Technologies Office Multi-Year Research, Development, and Demonstration Plan (DOE 2013) , "the widespread availability and communication of safety-related information are crucial to ensure the safe operation of future hydrogen and fuel cell technology systems. The entire hydrogen community benefits if hydrogen safety-related knowledge is openly and broadly shared." While a variety of electronic safety resource tools (ESRTs) are available to support this goal (see Appendix A), now is an appropriate time to ask if we have the right tools to support this next phase toward hydrogen and fuel cell commercialization.
To answer that question and best leverage DOE's investment in these tools, a planning session was held to support the development of an overall electronic resource strategy so that key audiences get the information they need in the most efficient manner. The session brought together individuals and organizations responsible for the existing resources and additional stakeholders to identify redundancy in tools, needs to update content, and gaps that need to be addressed to meet the needs of our target audiences.
Attendees, Format, and Data Analysis
Twenty individuals representing a variety of user groups and owners of the existing resource tools participated in the meeting, which held was at the City of Santa Fe Springs Department of FireRescue, located southeast of Los Angeles, CA (a list of attendees can be found in Appendix B). The location was chosen due to its proximity to stakeholders, authorities having jurisdiction (AHJs), project proponents, and original equipment manufacturers (OEMs) with experience in recent hydrogen fueling station and deployment activities.
Agreement on User Group Designations
Prior to the planning session, potential user groups of ESRTs were identified. This helped focus the planning session and ensure that the • Project Proponents (PP) -gas providers, engineers, architects, etc.
• Research & Development (RD) -individuals responsible for development activities
• Stakeholders (STK) -investors and those interested in the outcome of a project
Attendees were asked to rank user groups before the meeting to verify that the right groups were included and assign their priority. The results (Figure 1) show that the AHJ and FR groups were felt to have the greatest need. 
Brainstorming
The brainstorming portion of the meeting focused on soliciting unconstrained ideas (referred to as "tickets") from attendees for each user group identified in section 1.2.1. The activity yielded 136 ideas, or tickets. These tickets were assigned to a specific user group or multiple user groups where appropriate. Next, tickets with common themes were organized by session participants into stories (a term to describe what an end user or user of a system does or needs to do as part of his or her job function, based on themes of individual tickets). Stories were only developed for the four highest priority user groups (identified in Figure 1 ) due to time constraints. Stories for the other four user groups were analyzed by Pacific Northwest National Laboratory (PNNL) in the weeks following the meeting.
Binning of the Tickets
The tickets were entered into a database and categorized based on their initial user group assignment. A few tickets were not included with user group information and were assigned an "UNGRP" designation to track the tickets while maintaining integrity of the meeting results.
The tickets were then binned and evaluated for commonality and purpose. The evaluation was a multi-step process that began with tickets being arranged by user group. During the first binning, tickets were arranged into the following categories within each user group:
• Distance training
• Hands-on training
• Codes and standards
During the next phase, tickets with a common category were moved from user groups and placed together (i.e., into a "category" bin). The final phase focused on arranging tickets within these categories together based on a common functionality (tools). Twenty-two potential tools were identified. These tools are not necessarily meant to be unique products but represent a focus on common functionality. An example of the final binning can be seen in Figure 2 . All tickets and their grouped functionality can be found in Appendix C. 
Session Results
The planning session revealed areas where the user groups could benefit from a new approach to safety knowledge resources (see Appendix D). The following sections discuss new resources based on meeting results as well as the existing tools. Recommendations for implementing new tools and updating existing tools are also provided.
New Tools
The new tools were divided into six groups:
• Cross-cutting tools
• Codes and standards tools
• Design tools (modeling tools, risk assessment tools, design tools, etc.)
• Information tools (general safety, vehicle information, etc.)
• Social tools (networking and hotlines)
• Training tools
The recommendations for implementing new tools are summarized in section 2.3. The recommendations are subdivided by potential impact based on overall value and need. High impact items are considered those that have immediate benefit and/or benefit across a large number of user groups. Medium impact is designated for items recognized as having substantial impact but at a high cost and time needed for development. Low impact is designated for an item that is more directed at niche needs. Items that have very low ranking numbers or that do not fit well as a DOE ESRT are identified in Table 1 as not requiring development. These tools could be developed by other organizations as needed. Finally, the planning session confirmed the need for three tools already under development.
Cross-cutting Tools
Hydrogen Safety Portal -A Nexus for Safety Information and Professional Networking (GI-1)
Participants in the planning session suggested that a hydrogen safety web portal, serving as a single source for credible and reliable safety information, would be very beneficial. DOE has a variety of electronic hydrogen safety resources and tools that are spread across government, national laboratory, and support organization's web sites. These are sometimes difficult to navigate to (via Google search) and lack a consistent look and feel. Others are outdated or use outdated technology. A portal could integrate these existing resources to facilitate accessibility (and display) from a single, trustworthy source, thereby increasing their visibility and value.
The Value of Combining Resources
The value of a network (or service/site, e.g., Twitter) is proportional to the square of the number of users (Metcalfe's law, http://en.wikipedia.org/wiki/Metcalfe%27s_law). Aggregating information and tools into a central location aggregates its users and increases the value of each application by reducing effort (one-stop-shopping) and increasing the population of potential users the same way a mall does for its stores' customers. A customer on the way to store C must first pass stores A and B. Customers may not even know store B exists until they walk past on the way to store C (their intended purpose). In addition to hosting existing tools, the portal could contain wikis, discussion forums, knowledge bases, FAQs, searchable articles, and a variety of other tools designed to facilitate peer networking and the development of a safety community.
The viral or exponential growth possible as the number of users is increased is the way social networks tend to grow (users tend to invite others) (Reed's law, http://en.wikipedia.org/wiki/ Reed%27s_law). Increased value through aggregated tools and information combined with the increase in users has the potential for rapid growth much more than individual, disparate, decentralized strategies do. This approach also provides the opportunity to reduce support costs by leveraging one infrastructure, technology, etc. 
Codes and Standards Tools
Codes and Standards Wizard/Guide (CS-1)
There are many codes, standards, regulations and other criteria (ICC, NFPA, ASTM, ASME, UL, CSA, etc.) that govern the design, construction, installation, commissioning, operations and maintenance of hydrogen and fuel cell technologies. It is extremely difficult for an AHJ or project proponent to understand all applicable criteria and then determine which provisions apply to the installation and its component parts. Without experienced personnel, the best case scenario is simply lost time in getting an installation approved and permitted and the worst case is finding out too late that substantial revisions are required.
The topic of codes and standards was the most ticketed and discussed idea at the planning session and highlighted the need for a resource tool. Session participants shared a need for an overview of requirements; simplified code application; an outline of code requirements; a list of applicable codes and standards; help to understand codes and standards and applicable requirements. There are a few code and standard electronic resources currently available, such as http://www.fuelcellstandards.com/ and the National Renewable Energy Laboratory's Regulations, Codes, and Standards (RCS) Template for California Hydrogen Dispensing Stations. However, these may not meet the deeper need for a more systematic and intuitive tool.
The concept of a drill-down, question-based tool (similar to Intuit's TurboTax® tool) surfaced as being an ideal solution. Such a tool would guide the user through a series of questions relating to application, topics, and subtopics to help them identify the applicable requirements in a timely manner. More technically speaking, this could be an interactive relational database-driven web app based on codes, standards, and regulations applicable to hydrogen and fuel cell technologies. In addition to identifying applicable requirements, it is recommended that programmers consult with the Building Smart Alliance at the National Institute of Building Sciences to explore how the database could be applied to Building Information Modeling (BIM) related software. Such an effort could facilitate the creation of plans and specifications and automatic checking of those plans and specifications for compliance with applicable building regulations as represented by the database. This approach is being used by both technology proponents and regulators to help ensure a common and accurate understanding of the building regulations applicable to a proposed installation, more timely review and approval of what is proposed, and more timely completion and operation of the installation.
Integrating this tool with the hydrogen safety portal discussed in the previous section would open up significant opportunities to bring additional information to help the user understand how to apply the requirements. For example, once the user is systematically led through the wizard to a particular set of requirements, the portal could also display information such as best practices (from h2bestpractices.org), related lessons learned, instructional videos and wikis, and community discussion or feedback on related topics. A flowchart of how this might work is provided in 
Design Tools
Design tools discussed during the planning session include the following:
• Modeling/quality risk assessment (QRA) tools
• Risk assessment tools
• Station location and design tools
• Equipment and project performance data
• Third party certification guide These tools and data should be made readily available through an online resource such as the hydrogen safety portal.
Modeling/QRA Tools (DR-3)
This includes modeling tools to predict consequences of cryogenic releases, pressure valve failure, cryogenic to gas releases, gaseous releases, BLEVEs, etc., to support fueling station designs and risk informed changes to regulation, codes, and standards. These tools are already under development by Sandia National Laboratories.
Potential Impact: Already being developed
Risk Assessment Tools This includes tools to enable risk assessments and provide options for risk mitigation and support performance-based analysis. It could include checklists for basic risk; component databases; calculators; and cost-benefit features. These tools are already under development by Sandia National Laboratories.
Potential Impact: Already being developed Station Location and Design Tools (DR-1)
This includes design tools to help identify station locations (mapping), options for station configurations, standardized plan formats, and obstacles to project deployments. The evaluation group (April 2 and Hydrogen Safety Panel members) felt this tool would not provide significant impact and that station providers have enough existing resources to address this need.
Potential Impact: No further effort by DOE is needed.
Equipment and Project Performance Data (DR-2)
This includes data on equipment and project performance including failure rate data, mean time between failures, incident data, real-time system performance, and "denominator" information for frequency of incidents. While some of this information is available through the NREL secure database, much more work is needed in this area. These tools could have a significant impact but will take much industry support and time to develop.
Potential Impact: Medium Third Party Certification Guide (CI-1)
A guide for project certification by third party is needed and should be based on a tool/methodology that the AHJ can trust, and may include a component certification checklist. This activity is similar to work being performed by the Hydrogen Safety Panel task group on certification. That work is expected to produce a document that could be made available electronically in support of this effort.
Potential Impact: Already being developed
Information Tools
Four types of information tools were identified during the analysis of the tickets and are discussed in this section:
• General safety tools
• Vehicle and equipment safety information These tools include general safety information on hydrogen properties and behavior. Some general safety tools already exist, including properties and conversion calculators. Other areas, such as answers to general questions, pressure safety, flame arrestors, vent systems, relief devices, provide opportunity for further development and should be developed as needs arise. The tools could be included with other tools and/or made available through an online resource such as the hydrogen safety portal.
Potential Impact: Low Vehicle and Equipment Safety Information (GI-3)
This includes vehicle and equipment information covering general information, safety features, safe usage parameters, recall notices, and so forth. This information should be developed and deployed by OEMs. H2USA could help ensure the necessary information is made available.
On-scene Vehicle Information (OS-1)
These tools would provide critical safety information to firefighters and secondary responders (tow and wrecking) when responding to an event and would include details based on vehicle identification number scanning. OEMs should work with secondary responders to identify needs and develop the appropriate tools.
Tool for Listed or Approved Equipment (CI-2)
This tool would provide information for listed/approved equipment and systems to support review and approval of designs. While there is an obvious need for this information, very few listed components and systems are available due to the relative immaturity of the industry. When listed equipment becomes available, the testing laboratories would be the best resource to make the listing databases available. Until then, pursuing the third party certification guide (CI-1) is a good alternative.
Social Tools
Peer Networking (NW-1/NW-2/NW-3)
This includes tools to help establish connections and discussions among peers within the following user groups: AHJs, inspectors, researchers, OEMs, and project proponents. Interactions with various user groups, feedback at the planning session, and general industry social movement suggest great value in these types of tools. Connecting inspectors and code officials also has the potential to reduce delays in project approval due to lack of experience. These tools could be standalone products but would likely be more useful if they were integrated with other electronic safety resources and the hydrogen safety portal.
Potential Impact: High
Response Hotline (IA-2) Session attendees suggested that a hotline be developed for responding to incidents and special issues. This could be a standalone phone number or be combined with various social media tools.
Potential Impact: Medium
2.1.6
Training Tools
Inspectors (TR-2)
A tool to train code official inspectors in support of permitting and approval of hydrogen facilities was deemed valuable by session attendees. This tool could provide an opportunity to help AHJ reduce approval and permitting times. It could be implemented through short instructional videos incorporated into the portal and codes and standards wizard. First responders can greatly benefit from hands-on and scenario-based training. Hands-on training currently exists (through PNNL) but its use is limited due to expense (moving props and equipment to training locations) and the limited number of scenarios available for participants (and only vehicle scenarios). Recent collaborations with the European based HyResponse program offer another opportunity in the form of an electronic virtual reality training tool that will allow for an unlimited number and types of scenarios that can be developed for class participants and support remote class participation. Such a tool could build on the current successes of the PNNL program and future activities involving the first responder training template. One could envision an application where fundamental training (current classroom or template training) is given through a webinar followed by remote participation in in virtual reality scenarios.
Potential Impact: High

Existing Tools
Recommendations for existing ESRTs are identified in section 2.3. The affected user groups and tickets associated with existing tools are found in Appendices E and F, respectively. Many of the tools need their content updated to remain relevant. The three online training tools also need a technology refresh to move away from outdated Adobe Flash to current HTML 5 format. Doing this will also make the content viewable on mobile platforms. Consolidating these tools to a single website would allow for information sharing across the tools.
Recommendation Summary Tables
The following tables summarize the recommendations for new and existing ESRTs that resulted from the planning session. Table 2 presents the recommendations for new tools and Table 3 presents recommendations for existing tools. 
Future Activities
A small group of attendees from the planning session agreed to participate as an advisory group in future activities and the development of new tools. This group is identified in Appendix B (noted with an asterisk). They should be engaged through the design and development process as appropriate.
The planning session proved valuable for identifying opportunities to enhance the dissemination of safety knowledge. It was also valuable at connecting a number of different user groups together at one location/time to enable discussion on other non-session topics. Consideration should be given for future sessions at a two-or three-year frequency. • Independent source to support AHJ as they have questions and looking for previous systems and installations (AHJ) • Network for inspectors who have inspected with permit an H2 system in their jurisdiction (AHJ) NW-3
References
Electronic Safety Resources Planning Session Attendees
Facilitate networking among researchers and OEMs, station builders, etc.
• Network with auto OEMs, stations, builders, etc. to combine resources (reduce redundancy) (RD)
NW-4 Consult with independent experts
• Send out H2safety.ee.doe.gov address (UNGRP)
• AHJs -utilize the panel? (UNGRP)
• Insurers -task force to develop and work with insurers (INS) TR-1
Operations and maintenance personnel need training on hazards and operating equipment that can provide certification
• Guidance on how to approach hazards in OM activities (OM)
• Provides station owners and operators a level of education to functionally operate the station through a possible certification process similar to USTs (OM) • List of tools/products from labs (UNGRP)
• I need to know if this designed safely and appropriately without prohibiting/penalizing design (AHJ) • As an AHJ I need products that have been listed and approved (By UL, FM) when I review and inspect so that I can approve project more effectively (AHJ) • Meeting the code stay w/in the box keeping uniform and using listed/approved products/design per standards or guidelines (PUB) IA-1
Interactive tool to manage public opinion and response
• Broad dissemination of information regarding the timely events. i.e. radio (PUB) • Outreach and Education (PUB)
• Monitor media and social media and respond with proactive radio response team (UNGRP) IA-2
Hotlines for responding to incidents and special issues
• ERG Database and Hotline (FR)
• Currently: Rely on SME to inform me (PP)
• Database hotline (FR)
• How to handle special issues (AHJ)
• SME (RD)
• Q&A Hotline (AHJ) 
Affected User Groups for New Functional Tools
